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Screening System 

Cross References to Related Applications 

This application claims the priority of Euro- 
pean patent application no. 98111428.3, filed June 22, 
1998, the disclosure of which is incorporated herein by 
reference in its entirety. 

Technical Field 

The present invention concerns a screening 
system, to identify lead compounds. Said screening system 
is especially suitable for the screening of small mole- 
cules, whereby peptides are the much preferred small 
molecules . 

Background Art 

Screening compounds in order to find mole- 
cules for further drug development, is one of the crucial 
steps in such drug development. Up to now, product 
screening is performed in vitro, e.g. by so called high- 
throughput screening systems or by phage display. Phage 
display systems can identify proteins or peptides which 
are expressed on the surface of a bacteriophage particle 
(see R. Cortese et al . , Selection of biologically active 
peptides by phage display of random peptide libraries , 
Current Opinion in Biotechnology 1996, 7, 616-621, 1996) . 
Only in the case of a successful interaction between the 
two proteins, the bacteriophage can infect the bacterial 
E.coli host. This event becomes visible since this suc- 
cessful bacteriophage will spread and form plaques which 
consist of lysed E.coli cells. High throughput screening 
systems suitable for the screening of small molecules are 
e.g. described in WO 9710253 by Merck & Co. Inc.. Such 
systems are generally applied for the screening of e.g. 
plant extracts, etc. in vitro. 
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These screening systems of the state of the 
art are very laborious and time-consuming. 

The disadvantage of these screening systems 
of the state of the art is that they are far away from 
5 natural conditions and very slow. In particular, no post- 
translational modifications of proteins occur in the 
phage display system. Additionally, the interactions of 
the phage system occur in vitro, whereas the interesting 
protein-protein interactions in mammals, including man, 
10 actually occur in the cell, many of them in the nucleus. 

It is also known to study protein-protein in- 
teractions in vivo by using two hybrid proteins. The pro- 
tein of interest is fused to a DNA binding domain, e.g. a 
GAL 4 DNA binding domain, whereas a library of potential 
15 interaction candidates is fused to a transcription acti- 
vation domain, e.g. a GAL4 transcription activation do- 
main. Only in the case of successful interaction between 
the protein of interest and a real interacting candidate, 
the transcriptional activation domain is brought to the 
20 reporter gene (lacZ) , which leads to a blue colouring of 
this cell (see Fields and Song, A novel genetic system to 
detect protein-protein interactions, Nature 340, 245, 
19 89) . Such systems are additionally described in reviews 
and patent literature (see e.g. S. Fields and R. Sterng- 
25 lanz, The Two-hybrid System: An Essay for Protein-protein 
Interactions, Reviews, TIG August 1994, Vol. 10, No. 8, 
p. 286 - 292, and The Matchmaker Two-hybrid System, pub- 
lished by Clontech, as well as U.S. patents 5,2 83,173 and 
5,468,614 both assigned to the Research Foundation of the 
30 State University of New York) . A further two-hybrid sys- 
tem, which is a modification of the classical one, and 
which - due to the modification - is dependent on post- 
translational modifications of one of the proteins, is 
described in US 5,637,463. Such two-hybrid systems are 
35 disclosed to have three major applications: Testing known 
proteins for interaction, defining domains or amino acids 
critical for an interaction, and screening libraries for 
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proteins that bind some target protein. It is also known 
to modify the existing classical two-hybrid screening. 
Instead of fusing a library of cellular proteins to an 
activation domain, peptide libraries are fused to the 
5 GAL 4 activation domain (see W097/41255, W095/34646, 

WO92/05286, FR 2720068) . It is also known to fuse a pep- 
tide library to a DNA binding domain (see US 5,498,530) . 
The selection principle is identical to the classical 
two-hybrid (see Young, Wo and Fields, Protein-peptide in- 
10 teractions analysed with the yeast two-hybrid system, 
Nucl. Acids Res. 23, 1152, 1995). 

Another DNA-binding domain and activation do- 
mains e.g. disclosed in connection with screening for 
peptides which interact with the cyclin dependent kinase 
15 II. Here, the Cdk2 was fused to a LexA DNA binding do- 
main, and the peptide library was cloned into the active 
loop of the E.coli thioredoxin, which was also fused to 
an activation domain (see Colas, Cohen, Jessen, Grishina, 
McCoy & Brent, Genetic selection of peptide aptamers that 
20 recognise and inhibit eye 1 in-dependent kinase II, Nature, 
30, 554, 1996 and WO 94/10300). Information about other 
reporter genes can be found in Vidal, Brachmann, Fatai, 
Harlow and Bocke, Reversed two-hybrid to detect dissocia- 
tion of protein-protein and DNA protein interactions , 
25 Proc. Natl. Acad. Sci . USA 93, 10315, 1996, and Vidal, 
Brown, Chen, Bocke and Harlow, Genetic characterisation 
of a mammalian protein-protein interaction domain by us- 
ing- a yeast reverse two-hybrid system, Proc. Natl. Acad. 
Sci. USA 93, 10321, 1996. 
3 0 Other two-hybrid systems were described by 

A. Aronheim et al . , Isolation of an AP-1 repressor by a 
novel method for detecting protein-protein interactions , 
Mol. Cell. Biol. 17, 3094-3102, 1997; and by I. Stagljar 
et al., A genetic system based on split-ubiquitin for the 
3 5 analysis of interactions between membrane proteins in 

vivo, Proc. Natl. Acad. Sci. USA 95, 5187-5192, 1998, In 
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the Aronheim report a two-hybrid system based on the mam- 
malian GDP-GTP exchange factor (GEF)hSoS is described. 

Also known are so-called three-hybrid systems 
to detect RNA-protein interactions (see e.g. D.J. Sen- 
5 Gupta et al . , A three-hybrid system to detect RNA-protein 
interactions in vivo, Proc . Acad. Natl. Sci. USA 93, 
8496-8501, 1996), or mediating proteins (W097 /24457 ) . 

The two-hybrid method, as it is described in 
the above mentioned literature, thus allows to study mo- 

10 lecular interactions that might be the causes of dis- 
eases. However, it does not show how to use such systems 
in the search for active substances and the development 
of novel drugs . 

It is also already known to use the two- 

15 hybrid technology to find exogenous small molecules, 
which inhibit protein-protein interaction (see 
W097/41255, US 5,569,588, WO92/05286). Hybrid proteins, 
of which the interaction should be disrupted, can also be 
expressed as fusions to a DNA binding domain (LexA) and 

20 an activation domain (B42) . The small molecule can be co- 
valently linked to a polymer bead, which is photoreleas- 
able from the small molecule (see Huang & Schreiber, A 
yeast genetic system for selecting sma.ll molecule inhibi- 
tors of protein-protein interaction in nano droplets , 

25 Proc. Natl. Acad. Sci. USA 94, 1336, 1997) . 

This technology is not suitable for a screen- 
ing of interacting peptides, since it is laborious in 
view of the production of peptides, and the analysis of 
the possibly interacting peptides. 

30 Attempts to screen HIV-1 Rev protein inhibi- 

tors have already been made (US 5,691,137 to Brandeis 
University, Waltham, Mass.). In said attempts the re- 
porter gene used was CUP 1 modified by insertion of an 
intron sequence, and a HIV-1 Rev response element 3' of 

35 the CUP 1 open reading frame. Upon interaction of Rev 
with its response element, the splicing of the pre-mRNA 
is inhibited leading to a inactive protein. 
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Disclosure of the Invention 

Hence, it is a general object of the inven- 
5 tion to provide a much faster screening system allowing 
the trial of many different effector peptides with ago- 
nist or antagonist effect in parallel, whereby the time 
and costs of the first step in drug development can be 
dramatically reduced. 
10 This object is achieved by providing a 

screening system for agonists or antagonists comprising a 
eukaryotic host cell stably transformed with a selection 
system enabling the survival of the cells in the case of 
desired interaction between at least one target protein 
15 and an effector peptide, and a peptide expressing system, 

whereby said selection system comprises 
- at least one monitoring gene enabling the 
detection of said host cell upon transcription of said 
monitoring gene, said at least one monitoring gene being 
20 directly or indirectly under the control of a specific 
activation system and, 

- at least one DNA sequence coding for at 
least one target molecule, said one or more target mole- 
cule (s) being selected from the group comprising RNA se- 
25 quences or proteins, said one or more target molecule (s) 
being responsible in their natural environment for the 
induction of the production and/or activity of an unde- 
sired protein or the omission of the production and/or 
activation of a desired protein, said at least one DNA 
30 sequence coding for said at least one target molecule be- 
ing under the control of an host cell specific active 
promoter, preferably a host cell specific promoter, 

whereby said specific activation system is 
selectively modulated (i.e. activated or inactivated) in 
35 the presence of specific interaction (s) between at least 
one of said target protein (s) and an effector peptide, 
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whereby said specific activation system upon 
modulation directly or indirectly modulates the tran- 
scription of at least one monitoring gene enabling the 
survival of said host cell, and 
5 whereby said effector peptide expressing sys- 

tem comprises a peptide encoding nucleic acid sequence 
under the control of an active promoter, preferably a 
host cell specific active promoter. 

In a preferred embodiment, said at least one 

10 monitoring gene is a nucleic acid sequence encoding at 
least one monitoring protein enabling the detection of 
said host cell upon expression of said at least one moni- 
toring protein, said at least one nucleic acid encoding 
said at least one monitoring protein being under the con- 

15 trol of said specific activation system, and whereby said 
specific activation system upon modulation modulates the 
expression of at least one monitoring protein enabling 
the survival of said host cell. 

Other objects of the present invention are a 

20 screening method, a method for the production of a 

screening system, a DNA library as peptide source, and a 
method to produce such library. 



Brief Description of the Drawings 

25 The Invention will be better understood and 

objects other than those set forth above will become ap- 
parent when consideration is given to the following de- 
tailed description thereof. Such description makes refer- 
ence to the annexed drawings, wherein: 

30 Figure 1 is a representation of the genera- 

tion of a DNA library suitable for peptide expression in 
yeast . 

Figure 2 shows the action of p53 . 

Figure 3 shows the effect of mutant p53 . 
35 Figure 4 shows the essential features of a 

screening system of the present invention for the screen- 
ing of a mutant p53 agonist. 
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Figure 5 represents the action of vascular 
endothelial growth factor in the presence of a tumor on 
the level of induction of angiogenesis . 

Figure 6 represents a later state of the sys- 
5 tern represented in Figure 5, namely tumor growth and me- 
tastasis formation due to angiogenesis. 

Figure 7 represents the situation during the 
screening of a host cell in the absence of an antagonist. 

Figure 8 represents the situation during the 
10 screening of a host cell in the presence of an antago- 
nist . 

Figure 9 shows expression vector pESBA-ADH. 
Figure 10 shows expression vector pESBA-ACT. 
Figure 11 shows expression vector pESBA-GAL. 
15 Figure 12 shows reporter vector pESBA-HIS. 

Figure 13 shows reporter vector pESBA-URA. 
Figure 14 shows reporter vector pESBA-URA-17mer . 



Modes for Carrying Out the Invention 

20 As mentioned above, a general object of the 

present invention is to provide a much faster screening 
system for agonists or antagonists allowing the trial of 
many different effector peptides in parallel, whereby the 
time and costs of the first step in drug development can 

25 be dramatically reduced. This object is achieved by pro- 
viding a screening system for agonists or antagonists 
comprising a eukaryotic host cell stably transformed with 
a selection system enabling the survival of the cells in 
the case of desired interaction between at least one tar- 

30 get protein and an effector peptide, and a peptide ex- 
pressing system, 

whereby said selection system comprises 
- at least one monitoring gene enabling the 
detection of said host cell upon transcription of said 

35 monitoring gene, said at least one monitoring gene being 
directly or indirectly under the control of a specific 
activation system and, 
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- at least one DNA sequence coding for at 
least one target molecule, said one or more target mole- 
cule (s) being selected from the group comprising RNA se- 
quences or proteins, said one or more target molecule (s) 
5 being responsible in their natural environment for the 

induction of the production and/or the activity of an un- 
desired protein or the omission of the production and/or 
the activation of a desired protein, said at least one 
DNA sequence coding for said at least one target molecule 
10 being under the control of an host cell specific active 
promoter, preferably a host cell specific promoter, 

whereby said specific activation system is 
selectively modulated (i.e. activated or inactivated) in 
the presence of specific interaction ( s ) between at least 
15 one of said target protein (s) and an effector peptide, 

whereby said specific activation system upon 
modulation directly or indirectly modulates the tran- 
scription of at least one monitoring gene enabling the 
survival of said host cell, and 
20 whereby said effector peptide expressing sys- 

tem comprises a peptide encoding nucleic acid sequence 
under the control of an active promoter, preferably a 
host cell specific active promoter. 

In a preferred embodiment, said at least one 
25 monitoring gene is a nucleic acid sequence encoding at 
least one monitoring protein enabling the detection of 
said host cell upon expression of said at least one moni- 
toring protein, said at least one nucleic acid encoding 
said at least one monitoring protein being under the con- 
30 trol of said specific activation system, and whereby said 
specific activation system upon modulation modulates the 
expression of at least one monitoring protein enabling 
the survival of said host cell. 

Monitoring genes suitable for the present in- 
35 vention are e.g. genes encoding defined proteins the ac- 
tivity of which can be directly monitored. 
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The modulation of the transcription means 
that transcription can either be activated or inacti- 
vated, and direct modulation, refer so the direct effect 
on the transcription of the monitoring gene whereas indi- 
5 rect modulation refers to a stimulation of cellular sig- 
nals resulting in cell growth due to activation of cell- 
cycle regulatory genes . 

Inventive screening systems allow the screen- 
ing of effector peptides with agonist as well as antago- 
10 nist activity. 

In order to prepare a screening system ac- 
cording to the present invention, information about rele- 
vant interactions, influenced by the effector peptide, 
and preferably the causes, or at least a part of said 
15 causes, of the respective disease to be treated by the 
effector peptide itself or an active substance derived 
from or developed on the bases of such effector peptide 
have to be known. 

On the basis of such knowledge, a selection 
20 principle according to the present invention, applicable 
according to the method of the present invention, is pro- 
duced. 

Different causes for diseases exist, such as 

- expression of a defective protein no longer 
25 able to activate the expression of another essential pro- 
tein, 

- expression of proteins interacting with 
each other or with nucleic acid(s), whereby said interac- 
tion (s) lead(s) to an undesired response in the cell, 

30 - expression of a defective protein such, 

that a necessary protein-protein or protein-nucleic acid 
interaction is impossible, 

- expression of a protein activating an unde- 
sired cell response. 

3 5 The screening system of the present invention 

allows to find peptides interacting with at least one of 
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such proteins or nucleic acids in a manner enabling a 
"normal" cell function. 

The screening system of the present invention 
is suitable for the identification of agonists and/or an- 
5 tagonists modulating molecular interactions and molecular 
conformation, such as e.g. protein-protein interactions, 
protein-RNA interactions, protein-DNA interactions. In 
particular, agonists and antagonists to protein-protein 
and protein-DNA interactions are easily studied. The 
10 screening system of course is also suitable for optimiz- 
ing specific peptides, e.g. already known peptides, in 
that a library encoding modifications is used. Such a li- 
brary can be produced by mutating the peptide encoding 
DNA sequence. 

15 A preferred eukaryotic host cell is a yeast 

cell. Yeast cells are known to perform similar co- 
translational and post-translational modifications as 
mammalian cells. Additionally, yeast cells have the ad- 
vantage of the ease of transformation, the convenience of 

20 retrieving plasmids and the availability of nutritional 
markers and well-characterised monitoring protein ex- 
pressing selector /reporter genes for direct selection. 
Furthermore, endogenous yeast proteins are less likely to 
bind a mammalian protein, the binding of which would re- 

25 duce the reliability of the screening system. However, 
the system of the present invention is not limited to 
yeast cells. In particular, where specifically folded, 
glycosilated or otherwise modified proteins or peptides 
might be at issue, other mammalian cells can be used. 

30 While also other small molecules can be 

screened by host cells comprising at least one nucleic 
acid sequence encoding at least one monitoring protein 
and at least one nucleic acid sequence encoding at least 
one target protein as described above, the screening sys- 

35 tern of the present invention is in particular suitable in 
cases where the interacting molecules, i.e. the effector 
molecules, are peptides. In this case it has been found 
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that a very efficient screening is obtained, if peptide 
encoding DNA sequences are introduced into the cells. 
Such introduction is best performed by generating a DNA 
library. Such DNA library can e.g. be obtained by frag- 
5 mentation of genomic DNA or cDNA by digestion or, pref- 
erably, by sonication and digestion with several restric- 
tion enzymes, or by synthesis of random oligo-nucleotides 
or, in particular in the case where known peptide ago- 
nists or antagonists shall be improved, by mutation of 
10 respective peptide encoding DNA. The respectively ob- 
tained DNA fragments are then introduced into plasmid 
vectors, so that they are under the control of a host 
cell specific active promoter (see Fig. 1). Further to 
the expression of the peptides as such, they can be ex- 
15 pressed fused to defined proteins. Such defined proteins 
preferably have no own activity in the screening system. 
Such methods of processing DNA fragments are known from 
general DNA library technology. Such a DNA library with 
sequences encoding peptides (peptide library) is also 
20 part of the present invention. Preferred peptide librar- 
ies are those, wherein each peptide encoding sequence is 
incorporated in a separate plasmid vector, said plasmid 
vector enabling transformation of the respective host 
cell and episomal expression of the peptide. 
25 The host cells, comprising a selection system 

are then brought into contact with such an inventive DNA 
library, preferably in a manner that one peptide encoding 
sequence, e.g. one peptide encoding sequence comprising 
plasmid, is introduced per cell. 
30 In the case of host cell survival, showing 

the presence of a desired interaction, the peptide encod- 
ing DNA comprised in the surviving cells can be isolated, 
analysed and multiplied to get information on the inter- 
acting peptide. Additionally, such surviving yeast cells, 
35 or the cloned DNA in other production cells, can be used 
to produce the interacting peptide, i.e. the effector 
peptide. 
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The advantage of the inventive screening 
method thus is, that billions of different small peptides 
can easily be generated and analysed, and that the method 
additionally provides a system allowing inexhaustible 
5 production of the peptide of interest, or all means nec- 
essary to prepare such a system, respectively. 

Another important part of the present inven- 
tion is the selection system, with which the host cells 
are transformed. Such selection systems are now further 
10 described for each of the above mentioned types of de- 
fects or in view of the desired molecule to be found, re- 
spectively . 

Searching for agonists to one defective 
15 protein 

Many diseases are due to the fact that an es- 
sential protein is not expressed because of a defect in a 
transcription activating protein. The screening system of 
the present invention is suitable to search for small 

20 molecules able to "restore" the activating abilities of 
such defective proteins. For such screenings, the moni- 
toring system comprises a transcription activating se- 
quence that is activated upon contact with a "restored" 
protein and is responsible for the expression of a pro- 

25 tein essential for the survival of the cell under the re- 
spective selection conditions. 

A host cell for this specific application is 
produced in that it is transformed with a DNA sequence, 
encoding a defective protein to be restored and addition- 

30 ally with a selector/reporter gene enabling the survival 
of the cell in a specific selection medium if expressed, 
said selector/reporter gene being under the control of a 
transcription activating sequence activated by the "re- 
stored" protein. Such a stably transformed host cell can 

35 then be brought into contact with a DNA library encoding 
a plurality of peptides. 
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One of such transcription activating proteins 
is the p53 tetramer . p53 is a tumor suppressor gene which 
encodes a sequence-specific DNA-binding transcription 
factor. Through its ability to bind DNA, the p53 protein 
5 is responsible for the activation of specific genes re- 
quired for cell cycle arrest or apoptosis, i.e. the "sui- 
cide" of a cell which has been damaged by e.g. cancero- 
genic substances (see Fig. 2) . In many tumor cells, p53 
has been mutated such that it no longer binds DNA, and it 
10 is therefore unable to activate the apoptotic genes . The 
loss of p53 activity and the consequent lack of apoptosis 
leads to uncontrolled growth of cancer cells and there- 
fore to tumor development (see Fig. 3) . Mutations in p53 
that abolish DNA binding are thought to change the shape 
15 of this protein so that it can no longer perform its 

natural function. It has been shown that molecules such 
as antibodies and synthetic peptides that can touch mu- 
tated p53 at specific sites, can reshape this protein so 
that it regains its natural conformation and therefore 
20 its DNA binding function (see Selivanova et al . Hestaura- 
tion of the Growth Suppression Function ... , Nature 
Medicine, Vol. 3 No. 6, 632 ff. # 1997). 

In such cases it is therefore very desirable 
to have a method to screen a lot of peptides in order to 
25 find suitably interacting peptides. 

In the case of the mutant p53 protein the in- 
ventive selection system works as follows: 

p53 can be expressed in yeast cells where it 
can activate genes in a sequence-specific manner. Simi- 
30 larly to what happens in human cells, the mutated forms 
of p53 that are no longer capable of binding DNA cannot 
activate genes in yeast. This property of yeast cells can 
be exploited in the inventive screening system. The natu- 
ral, non-mutated form of p53 can activate the expression 
35 of an artificial gene in yeast which is essential for 

cell growth. As a consequence of this natural p53 activ- 
ity, and only in this case, yeast colonies will appear on 
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an appropriate terrain. On the contrary, the mutant form 
of p53 which has lost the ability to bind DNA, cannot ac- 
tivate the expression of the artificial gene in yeast. As 
a consequence of this lack of activity, yeast cells con- 
5 taining the mutant p53 will not be able to grow and to 
form colonies on the appropriate terrain. In these cells, 
a small peptide with the ability to interact with the mu- 
tant p53 , and to restore its natural activity will cause 
activation of the artificial gene by the mutant p53 (see 

10 Fig. 4). Expression of the artificial, essential gene 

will allow growth of the yeast cells and, therefore, for- 
mation of colonies. 

In order to easily get information on the re- 
spective peptide being able to restore the p53 action, 

15 the suitable host cells are brought into contact with a 
peptide library. Briefly put, the respective procedure is 
as follows. Random, short DNA sequences, which are gener- 
ated by fragmentation of natural DNA molecules or by syn- 
thesis are spliced into so-called yeast expression vec- 

20 tors (see Fig. 1) . This procedure can generate billions 
of different DNA sequences (DNA fragments) carried by 
billions of expression vectors (see Fig. 1). These DNA 
vectors are then introduced into billions of yeast cells, 
such that in general each cell receives one individual 

25 DNA fragment. Inside yeast cells, the different random 
DNA sequences (DNA fragments) are expressed as part of 
genes to produce an equivalent high number of random pep- 
tides. Due to the specific monitoring systems, only those 
yeast cells that produce peptides capable of reactivating 

30 the mutant p53, which in turn activates the artificial 
gene, can grow to form colonies. 

Growing colonies are then further cultivated, 
and the expression vector molecule carrying the DNA se- 
quence that generated the active peptide can be extracted 

35 from the yeast cells for characterisation. DNA molecules 
can be quickly characterised by sequence analysis, and 
the amino acid sequence of the active peptide can be eas- 
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ily deduced. Because these isolated DNA molecules are 
clones, they can be multiplied indefinitely and they di- 
rectly represent an inexhaustible source of the active 
peptides, the effector peptides. 
5 As it is shown above with reference to p53 , 

the screening system of the present invention is easily 
applicable in such cases where the binding site and the 
defective protein are known. Knowing the defective pro- 
tein of course allows to use a sequence encoding such de- 
10 fective protein which is adapted to the specific host 
cell . 

Screening for antagonists to suppress 
protein-protein interaction 

15 It is also known that some responses in cells 

are activated by protein-protein interactions . If natural 
regulation of such interaction is lost or modified, this 
could, for example, result in undue cellular prolifera- 
tion that might lead to tumor formation, or faster tumor 

20 growth, or metastasis formation. It is thus desirable to 
find antagonists suitable to block such interactions. 
Such antagonists can also be small peptides, advanta- 
geously detectable with the inventive screening system. 

The host cells suitable for such antagonist 

25 search are produced by transforming the host cell with 
sequences for at least two, and preferably two, hybrids, 
one such sequence encoding a first protein connected to a 
DNA-binding unit (in the case of polymerase II (pol II) 
activation a DNA-binding domain) under the control of an 

30 active promoter, and a second sequence encoding a second 
protein linked to an activation unit (in the case of pol 
II activation an activation domain) , said sequence also 
being under the control of an active promoter. The proce- 
dure is now further described in terms of pol II activa- 

35 tion. The DNA-binding domain is suitable to bind to a 
transcription activating system activating a selec- 
tor/reporter gene. The transcription, however, is only 
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activated if the binding domain and the activation domain 
interact. Such interaction, however, is only obtained if 
the two proteins connected to such domains are also in- 
teracting (see Fig. 7). The reporter gene suitable for 
5 such selection is a gene causing the death of the yeast 
cells upon activation, so that only such cells are able 
to survive, where the protein-protein interaction and 
thus the transcription of the protein causing the death 
of yeast cells is blocked (see Fig. 8) . 

10 The accordingly transformed yeast cells are 

then brought into contact with a DNA library as disclosed 
above, and those cells, producing a blocking peptide, are 
selected and analysed as described in more detail with 
regard to the p53 system. 

15 Such a system is e.g. very suitable for the 

antagonist search in the case of the overexpression of 
specific proteins, such as e.g. the Vascular Endothelial 
Growth Factor (VEGF) . VEGF is a secreted protein that, by 
interacting with its receptors present on the surface of 

20 endothelial cells forming the blood vessels, stimulates 
their proliferation, the formation of new blood vessels. 
VEGF plays a pivotal role in the growth of tumors because 
such growth requires the formation of new blood vessels 
to gain the necessary nutrients (see Fig. 5 and 6) . Thus, 

25 blocking the function of VEGF in tumors would stop blood 
vessel proliferation, which would lead to tumor shrinking 
and reduced malignancy. 

In yeast cells, the VEGF-receptor interaction 
is reproduced in a way that it leads to the activation of 

30 an artificial gene. In contrast to the selectable posi- 
tive gene used in the p53 case, activation of this arti- 
ficial negative gene leads to death of the yeast cell in 
the presence of a chemical compound. In other words, in- 
teraction between two molecules, such as VEGF and its re- 

35 ceptor, and the consequent artificial gene activation, 

produces no colonies on the appropriate terrain contain- 
ing the chemical compound. In these yeast cells, as de- 
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scribed for p53 , expression vectors carrying billions of 
different peptides are introduced. Only those cells capa- 
ble of expressing the proper small peptide that can block 
the VEGF-receptor interaction, and, consequently, the ac- 
5 tivation of the artificial negative gene, are allowed to 
grow and to form colonies on terrains containing the se- 
lective and specific chemical compound. DNA sequences en- 
coding the active small peptide, the effector peptide, 
are further characterised as described in the p53 case 
10 above . 

Screening for agonists in view of a defective 
and thus not interacting protein 

As already mentioned above, also peptides 
15 "healing" the absence of a desired protein-protein inter- 
action due to a defect in one of the interacting proteins 
can be screened. In this case, the host cell is trans- 
formed as described above for the search for antagonists 
with the exception that the transformation is performed 
20 with a "correct" and a "defective" sequence encoding a 

correct and a defective protein, one of them being linked 
to a DNA-binding unit, the other one being linked to an 
activation unit. The monitoring system in this case com- 
prises at least one selector /reporter gene which enables 
25 the survival of the cell, if expressed. Such a selec- 
tor/reporter gene can be one as described with regard to 
the agonist system. 

Also, such cells are brought into contact 
with the DNA library, and only those cells are able to 
30 survive on a specific terrain, which comprise a peptide 
able to restore the activity of the defective protein so 
that an activating interaction between the two proteins 
is possible, said interaction leading to the expression 
of a survival enabling monitoring protein. 
3 5 Also in such a system, the DNA of interest 

can be cloned and analysed as described above. 
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Screening for antagonists against active 
protein 

It is also possible that, due to a defect, a 
protein activating the expression of an undesired gene is 
5 expressed in too large amounts, or in the wrong cell, or 
at the wrong time. 

In this case, a system similar to the first 
described system for screening for an agonist can be ap- 
plied, with the amendment, that a selector/reporter gene 
10 has to be used leading to cell death in the absence of a 
protein-peptide interaction disrupting the protein activ- 
ity . 

Suitable activation systems: 

15 Suitable activation systems for screening 

systems involving hybrids are known (see e.g. above cited 
state of the art) . Some of such activation systems com- 
prise a DNA sequence activating the transcription of a 
protein upon contact with an activating protein (activa- 

20 tion of pol II) or an activation complex (activation of 
pol III) . Such activating proteins comprise two essential 
parts, namely a DNA binding domain and an activation do- 
main. Such polymerase II related activation systems are 
described in the state of the art. In cases where such 

25 polymerase II related activation systems are unsuitable, 
other systems can be used, in particular systems related 
to polymerase III. 

A polymerase III related system is described 
in Marsolier, Prioleau and Sentenac, A RNA Polymerase III 

3 0 Based Two-hybrid System to Study RNA Polymerase II Tran- 
scriptional Regulators, J. Mol . Biol. 268, 243-249, 1997. 
However, the system disclosed therein is not very reli- 
able. An amended system has therefore been developed, 
which is not only suitable for the purposes of the here 

35 disclosed inventive screening system, but for all two hy- 
brids involving applications. 
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Polymerase III related activation system: 

The pol III activation system is a complex 
comprising a DNA-binding domain and an activating pro- 
tein, which interacts with a sub-unit of the transcrip- 
5 tion apparatus (see Marsolier et al . ) . 

Although the UASG-SNR6 promoter of the state 
of the art (see Marsolier et al . ) offers the possibility 
to direct pol III transcription by a protein-protein in- 
10 teraction, the difficulty of monitoring this event re- 
mains. All experiments showing that this artificial tran- 
scription activation works have been done by northern 
blot analysis. In these experiments, the UASG-SNR6 pro- 
moter controlled the expression of a "maxi" SNR6 gene in 
15 which 24 additional base pairs were inserted in order to 
distinguish the wild type U6 RNA from the U6 maxi RNA in 
a northern blot. Although northern blot analysis is sen- 
sitive to detect RNA transcripts, it is an unsuitable 
technique to perform a genetic screen. An alternative 
20 system for selection of an activated UASG-SNR6 promoter 
has thus been developed as follows. 

A UASG-SNR6 promoter harbouring the wild type 
transcribed SNR6 sequence (reporter construct) was intro- 
duced into the yeast strain yMCM616, whose chromosomal 
2 5 SNR6 gene had been mutated. The strain yMCM616 survives 
with a wild type SNR6 gene, carried by a URA3 -marked 
plasmid (survival construct) . Trans formants containing 
either T13 8-GAL DBD fusion alone or GAL 4 and T13 8 fused to 
interacting proteins became independent from the survival 
30 construct since they had the possibility to trigger SNR6 
transcription from the UASG-SNR6 reporter construct. The 
monitoring of tranformants containing interacting pro- 
teins was performed by selecting for the loss of the 
URA3 -marked plasmid. This selection can be done with 5- 
35 f luoro-orotic acid (FOA) , an uracil precursor analog, 
which is metabolised to a toxic compound by the URA3 
product. Only cells that are allowed to lose the URA3- 
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plasmid (survival construct) can grow on FOA. Trans for- 
mants without possibility to activate the UASG-SNR6 pro- 
moter, due to the lack of interaction between the pro- 
teins fused to GAL 4 DBD and to T138, were still dependent 
5 on the SNR6 gene carried by the URA3 -marked survival con- 
struct and therefore incapable to grow on FOA. 

It has now been observed that, while FOA is 
highly selective against wild type yeast cells, overex- 
pression of certain proteins leads to a reduced selectiv- 

10 ity and, consequently, to URA3 positive cells capable of 
growing on FOA . 

Thus, screening analysis of a genomic library 
with such a system would be most likely susceptible to 
artifacts. So, there was a need to generate a well con- 

15 trollable and highly selective screening system, based on 
the RNA polymerase III two-hybrid system. 

Such an alternative to the FOA/URA 3 selec- 
tion system, which is better suitable for a library 
screening, is obtained as follows. For this purpose, 

20 yeast strains which are able to grow at 3 0° C but not at 
37° C were generated. This temperature sensitivity is due 
to a mutation in an episomally expressed SNR6 gene which 
is under the control of its natural promoter (ts survival 
construct) . The wild type SNR6 allele, whose expression 

25 can rescue the temperature sensitive phenotype, is inte- 
grated into the genome, and is under the control of the 
artificial UASG-SNR6 promoter. As it is the case in the 
original pol III two-hybrid system, the expression of 
this SNR6 reporter gene is dependent on the interaction 

30 between the T138 fusion protein (T138-X) and the UASG- 

bound GAL 4 fusion protein (Y-GAL4 DBD) . In this novel and 
advantageous selection system, expression of the wild 
type SNR6 sequence allows cell growth at the non- 
permissive temperature of 37° C. 
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Monitoring systems: 

Suitable selector /reporter systems leading to 
cell death or cell survival when activated are known (see 
e. g. URA 3, LYS 2, CYH 2, HIS 3, LEU 2, Kan. r ). 

5 

In order to enhance the security of the 
screening system, it is preferred, that the monitoring 
system comprises two selector/reporter systems, one ena- 
bling the survival on a specific terrain, and for example 
10 a second one enabling the survival on another terrain or 
expressing a colouring protein allowing the visual selec- 
tion of cells. 

Since for the generation of a suitable host 
cell transformation with several DNA sequences is needed, 
15 it is preferred that all selector/reporter sequences are 
introduced into the same vector, so that less transforma- 
tion steps are needed to get a suitably transformed host 
cell. This has the advantage that either a host cell with 
fewer selection markers can be used or that more selec- 
20 tion markers are available for other purposes. A further 
advantage is that e.g. two sequences encoding different 
monitoring proteins can be connected to the same tran- 
scription activation sequence. 

The vectors used to transform the host cells 
25 are preferably such ones that lead to an incorporation in 
the genome of the selector /reporter sequences, whereby 
the target protein encoding sequences, as well as the DNA 
library, preferably are present in episomal form. 

Effector molecules with desired biological 
3 0 activity can be screened in that an inventive screening 
system is brought into contact with a suitable selection 
medium selectively allowing the survival of cells with 
desired target protein-effector peptide interaction. 

A screening system according to the present 
35 invention is produced in that the host cells are trans- 
formed with 
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- at least one monitoring gene enabling the 
detection of said host cell upon transcription of said at 
least one monitoring gene, said at least one monitoring 
gene being directly or indirectly under the control of a 

5 specific activation system and, 

- at least one DNA sequence coding for at 
least one target molecule, said one or more target mole- 
cule (s) being selected from the group comprising RNA se- 
quences or proteins, said one or more target molecule (s) 

10 being responsible in their natural environment for the 
induction of the production and/or activity of an unde- 
sired protein or the omission of the production and/or 
activation of a desired protein, said at least one DNA 
sequence coding for said at least one target molecule be- 

15 ing under the control of an host cell specific active 
promoter, preferably a host cell specific promoter, and 

- a DNA library encoding peptides, wherein 
the DNA is under the control of an active promoter. 

In such a production process with adivated 

20 monitoring proteins more than one nucleic acid sequence 
encoding a monitoring protein can be introduced into the 
cell on the same vector and under the control of the same 
specific activation system. Such proceeding is preferred 
in view of stability of the system, the need of markers 

25 and the screening selectivity. 

A further important object of the present in- 
vention is a DNA library encoding peptides, wherein the 
peptide encoding nucleotide sequences are under the con- 
trol of a promoter active in a specific host cell, in 

30 particular in a yeast cell. Such a DNA library is pref- 
erably produced in that genomic DNA or cDNA is fragmented 
by digestion or, preferably, sonication and digestion, or 
by synthesis of random oligonucleotides, preferably sin- 
gle stranded oligonucleotides, in order to generate pep- 

35 tide encoding sequences, said peptide encoding sequences 
then being introduced as such, or fused to a defined pro- 
tein, into expression vectors able to transform specific 
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host cells, whereby the peptide encoding sequences are 
under the control of a promoter active in a specific host 
cell, in particular in yeast cells. 

Vectors comprising double- stranded random 
5 oligonucleotides can easily be produced by generating a 
3' overhang and a blunt end. Such an overhang and blunt 
end are readily obtained by digestion with suitable re- 
striction enzymes. 

The random single- stranded oligonucleotides 
10 carry at the 3 ' end a known sequence complementary to the 
3' overhang. This feature allows direct ligation of the 
single-stranded oligonucleotide with the 3 ' overhang al- 
lowing the formation of the complementary strand by poly- 
merase activity. The resulting double- stranded sequence 
15 contains a blunt end which is then ligated with the plas- 
mid blunt end. 

This method is not limited to the generation 
of a DNA library of the present invention, but can be ap- 
plied to any cloning of random sequences. 
20 A further object of the invention are host 

cells, in particular yeast cells, comprising a polymerase 
III activated selection system with at least one de- 
stroyed genomic sequence encoding an essential molecule, 
said host cells additionally comprising a temperature 
25 sensitive mutant of said destroyed sequence under the 

control of an active promoter, and a sequence insensitive 
to non-permissive conditions under the control of a spe- 
cific transcriptional activator selectively activated 
upon interaction of two proteins. Such sequences insensi- 
30 tive to non-permissive conditions are e.g. wild- type se- 
quences . 



Examples 

General remarks: 

35 All sequences mentioned herein are listed in 

5 V — > 3 N - direction. They are additionally listed in the 
SEQUENCE LISTING following the experimental part. 
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Example 1 ; Yeast expression vectors 

DNA vectors for expression of peptides in 
5 yeast contain a selectable yeast nutritional marker, a 
replication origin for maintenance in yeast cells, a con- 
stitutive or inducible promoter for activation of genes 
encoding peptides, a transcription termination sequence, 
and bacterial IS- lactamase gene and origin of replication 

10 for plasmid growth in E.coli. Expression vectors dis- 
closed herein bear the standard yeast 2um origin of rep- 
lication, the TRPl selectable marker and one of the fol- 
lowing yeast promoters: the constitutively expressed ADH1 
and ACTIN promoters, and the inducible GAL1 promoter 

15 (Fig. 9, 10 and 11). These expression vectors contain re- 
striction sites immediately downstream of the translation 
initiation codon ATG for cloning DNA sequences encoding 
peptides. Translation stop codons in all three reading 
frames are present downstream of these cloning sites. 

20 

pESBA-ADH (Fig. 9) : 

This expression vector was constructed as 
follows : oligonucleotides 

AGCTTAACAAAATGGGCCCGCAGGCCTAACTAACTAAG ( SEQ . ID. No. 13) 
25 and AATTCTTAGTTAGTTAGGCCTGCGGGCCCATTTTGTTA (SEQ. ID. No. 
14) were kinased using T4 polynucleotide kinase (PNK) and 
annealed according to standard procedures to form a dou- 
ble-strand (ds) oligonucleotide. This ds oligonucleotide 
contains the initiation codon ATG, Apal/Bspl2 0l and StuI 
30 restriction sites, stop codons TAA in all three reading 
frames, and cohesive ends compatible with ligation in 
open Hindlll and EcoRI sites. The ADH1 promoter sequence 
was isolated from the plasmid pADNS (ref . C. Guthrie and 
G.R. Fink Ed. , Guide to Yeast Genetics and Molecular Bi- 
35 ology, Academic Press, Inc. 1991) by BamHI and Hindi I I 

digestion followed by preparative electrophoresis in a 1% 
agarose gel . The transcription termination sequence of 
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the ADH1 gene and part of the yeast TRP1 gene were iso- 
lated from the plasmid pGBT9 (obtained from Clontech, 
USA) by EcoRI and Xbal digestion followed by preparative 
electrophoresis in a 1% agarose gel. The expression vec- 
tor backbone also carrying the remnant of the TRP1 gene 
was prepared by SphI and Xbal digestion followed by Calf 
Intestinal Phosphatase (CIP) treatment and preparative 
electrophoresis in a 1% agarose gel. These three DNA 
fragments plus the ds oligonucleotide were ligated to- 
gether in one ligation step using T4 DNA ligase. 

pESBA-ACT (Fig. 10) : 

Oligonucleotides CATGGGCCCGCAGGCCTAACTAACTAAG 
(SEQ. ID. No. 15) and TCGACTTAGTTAGTTAGGCCTGCGGGCC (SEQ. 
ID. No. 16) were kinased and annealed to form ds oligonu- 
cleotides containing the initiation codon ATG, 
Apal/Bspl20l and StuI restriction sites, stop codons TAA 
in all three reading frames, and cohesive ends compatible 
with ligation in open Ncol and Sail sites. This ds oligo- 
nucleotide was cloned into the expression vector pJP224 
(J. Pearlberg, PhD thesis, Harvard University, Cambridge, 
Massachusetts, 1995) which had been digested with Ncol 
and Sail restriction enzymes and treated with CIP. This 
vector contains the ACTIN promoter, a unique Ncol site 
overlapping with the initiation codon ATG, a Sail site 
and, immediately downstream of it, the transcription ter- 
mination sequence of the GAL 11 gene. 

pESBA-GALl (Fig. 11) : 

The expression vector pJG4-5 (R. Brent in 
Current Protocols in Molecular Biology, Chapter 20, 1997, 
John Wiley & Sons, Inc.) was digested with Hindlll, 
treated with Klenow to fill in the DNA ends, and then di- 
gested with SacI to isolate its GAL1 promoter. pESBA-ACT 
was digested with Ncol, treated with Klenow, and then di- 
gested with SacI to cut out the ACTIN promoter. Upon 
separation by electrophoresis and extraction from the 
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agarose gel, the GAL1 promoter fragment and the pESBA-ACT 
backbone cured of the ACT IN promoter were ligated such as 
to regenerate the SacI site arid join the blunt Hindlll 
and Ncol ends . 

5 

Example 2; Yeast reporter constructs 

Plasmids carrying reporter genes are designed 

io for integration into the yeast genome. Each plasmid bears 
two divergently transcribed genes separated by a multiple 
cloning sequence (MCS) . This cluster of unique restric- 
tion sites is used to insert the desired protein-binding 
sequences. One of the two reporter genes is LacZ, which 

15 encodes the enzyme £-galactosidase commonly used to meas- 
ure gene expression in yeast (C. Kaiser et al . , Methods 
in Yeast Genetics , A. Cold Spring Harbor Laboratory 
Course Manual, 1994 Ed.). The second gene encodes either 
an enzyme whose expression is required for growth of the 

20 host cell on appropriate, selective terrain, or another 
enzyme whose expression has to be inhibited in order to 
allow growth of the host cell. Reporter plasmids con- 
structed so far contain, in addition to the LacZ coding 
region controlled by the GALl core promoter, either the 

25 selectable HIS3 gene with its own core promoter, or the 
URA3 coding region controlled by the SP013 promoter (ref . 
M. Vidal, PNAS) . Expression of the HIS3 gene is required 
for yeast growth on media lacking histidine. The level of 
HIS3 gene expression can be modulated by varying the con- 

30 centration in the media of 3-aminotriazole (3 -AT) , a com- 
petitive inhibitor of the HIS3 gene product. In contrast, 
expression of the URA3 gene can be toxic to yeast cells 
growing on media containing the drug 5-fluorotic acid (5- 
FOA) . In this case, cells would grow on 5-FOA-containing 

35 media only upon inhibition of URA3 expression ( see Guide 
to Yeast Genetics and Molecular Biology) . 
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pESBA-HIS3 : 

The Lacz reporter plasmid pJP158 (J. Pearl- 
berg, PhD thesis, Harvard University) was digested with 
Bglll and partially with BamHI to cut out the URA3 se- 
5 quence. The fragment of 6422 base pairs containing the 
LacZ coding region and the GAL1 core promoter was iso- 
lated by agarose gel electrophoresis and recircularised 
by ligation of the compatible Bglll and BamHI sites. The 
HIS3 coding region together with a 3 ' untranslated se- 
10 quence of about 63 0 base pairs were amplified by PCR us- 
ing the upstream primer GGCAGTCGACATTATATAAAGTAATGTG 
(SEQ. ID. No. 17) and the downstream primer 
GGCAGTCGACGGACACCAAATATGGCG (SEQ. ID. No. 18) . The 
pJP158-derived plasmid was digested with Xhol and Sail 
15 and treated with CIP . The larger fragment was isolated by 
agarose gel electrophoresis. The PCR product was digested 
with Sail and cloned into the Sall-Xhol digested plasmid. 
Orientation of the insert was determined by restriction 
enzyme analysis, and the correct clone with the HIS3 gene 
20 transcribed in the opposite direction of the LacZ gene 
was amplified in bacteria. 

The oligonucleotides 
TCGACTCTAGAGCGGCCGCGAGCTCCCGCGGGCATGCAGATCTCCCG GGG ( SEQ . 
ID. No. 19) and 
2 5 TCGACCCCGGGAGATCTGCATGCCCGCGGGAGCTCGCGGGCCGCTCTA GAG 

(SEQ. ID. No. 20) were kinased and annealed to form ds 
oligonucleotides bearing a MCS and cohesive ends compati- 
ble with ligation into an open Sail site. These ds oligo- 
nucleotides were inserted at the unique Sail site of the 
30 plasmid described above. Sequence analysis was performed 
to determine the orientation of the inserted MCS and to 
confirm that only one Sail site was restored upon inser- 
tion of the ds oligonucleotide. 



35 pE SB A -URA3 : 

A sequence containing the URA3 coding region 
fused to the SPQ13 promoter described in the paper of 
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Vidal et al . , was isolated by PCR using the upstream 
primer AGTTCAGTCGACGTATCCGTTTAGCTAGTTAG ( SEQ . ID. No. 21) 
and the downstream primer 

AATACTGCAGCAGTTTTTTAGTTTTGCTGGCC { SEQ . ID . No . 22). These 
5 primers were designed such as to introduce a Sail site 
and a PstI site at the 5' and 3' ends of the PCR product, 
respectively. The HIS3 coding region and promoter present 
on the vector pESBA-HIS3 were cut out by Sail and PstI 
digestion and substituted with the SP013-URA3 PCR product 
10 digested with Sail and PstI. 



PESBA-URA3 - 1 7mer : 

Oligonucleotides CGGAAGACTCTCCTCCGT (SEQ. ID. 
No. 23) and CTAGACGGAGGAGAGTCTTCCGCATG (SEQ. ID. No. 24) 

15 were kinased and annealed to form ds oligonucleotides 

bearing two binding sites for the transcriptional activa- 
tor GAL 4 (17mer) and cohesive ends for ligation into open 
Xbal and SphI sites. pESBA-URA3 was digested with Xbal 
and SphI, treated with CIP, extracted with phenol, and 

20 precipitated with ethanol . The ds oligonucleotide de- 
scribed above was ligated into this plasmid backbone with 
T4 DNA ligase, and the correct sequence was confirmed by 
sequence analysis. 



2 5 Example 3 ; Peptide libraries 



Peptides are encoded by random DNA sequences 
of different length cloned into the yeast expression vec- 
tors described above. These random peptides are either 
30 expressed as such or fused to defined proteins. 

Peptide expression from random synthetic oligonucleo- 
tides : 

Oligonucleotides were synthesised such as to 
35 contain random nucleotide sequences of variable length 
(from about 15 to about 60 nucleotides) followed, at 
their 3' ends, by the conserved sequence GGCC. Expression 
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vectors described above were digested with Apal (GGGCC'C) 
and StuI (AGG'CCT) , and subsequently purified by agarose 
gel electrophoresis. These linearised vectors were incu- 
bated with a 20 fold molar excess of random oligonucleo- 
5 tides in a 30 ul reaction mixture containing dNTP's (5 mM 
each), standard T4 ligase buffer, 50 mM NaCl, 1 ul T4 li- 
gase and 1 ul Klenow (purchased from NEB) . After incuba- 
tion at 16 °C for 4 hours and at room temperature for 3 0 
minutes, the reaction mixture was extracted with phenol 
10 and ethanol-precipitated in the presence of 2M ammonium 
acetate to selectively discard excess free oligonucleo- 
tides. DNA was resuspended in 10 ul water and used to 
transform bacteria. 

15 Peptide expression from random genomic sequences: 

Genomic DNA from various organisms such as 
yeast, Drosophila and mouse was isolated by standard pro- 
cedure. Purified genomic DNA was sonicated such as to ob- 

20 tain fragments of 300-500 base pairs. After phenol ex- 
traction and ethanol precipitation, these fragments were 
digested with a cocktail of the restriction enzymes Acil, 
Alul, Bfal, Nlalll, Hhal Haelll, Rsal , and Sau3A, and 
subsequently treated with T4 DNA polymerase in the pres- 

25 ence of 100 uM of each dNTP to make all DNA ends blunt. 
Expression vectors described above were digested with 
Bspl20 I (G'GGCCC) (MB1 Fermentas) and treated with Kle- 
now to fill in the open Bspl20 I ends. The vector was 
then digested with StuI, extensively treated with CIP, 

30 and purified by agarose gel electrophoresis. The so pre- 
pared vectors and the blunt-end genomic DNA fragments 
were ligated by T4 DNA ligase according to standard pro- 
tocol . 



35 
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30 

Example 4: Agonistic action to the ESBATech. screening 
system 

The agonistic action of the inventive screen- 
5 ing system has been shown for the tumor suppressor gene 
p53 . The tumor suppressor gene p53 is mutated in more 
than 50% of all human cancers which results in the in- 
ability to properly bind to the p53 binding sites in tar- 
get genes responsible to induce cell cycle arrest or 
10 apoptosis. The four most commonly found mutations occur 
in the DNA binding domain of p53 and lead to a single 
amino acid substitution. For one such mutation (p53 
R273H) , it has been shown that a synthetic 22 amino acid 
long peptide (22mer peptide 46) , stemming from the car- 
is boxy- terminal part of p53 (3 61 - 3 82) when fused to the 
Drosophila Antennapedia internalisation domain (17 amino 
acids) , can restore DNA binding activity of the mutated 
p53 (Selivanova et al . , Restauratlon of the Growth Sup- 
pression Function . .. , Nature Medicine, Vol. 3 No. 6, 
20 632 ff., 1997). The present inventors now found that the 
22 amino acid long peptide, when expressed from the 
pESBA-ADH or pESBA-ACT vector, is sufficient to partially 
reactivate mutated p53 R273H in transactivation experi- 
ments. This opens the possibility to use the peptide li- 
25 braries according to the present invention to screen for 
peptides which restore the mutated p53 to wild type ac- 
tivity or to use this system to screen for agonistic ac- 
tions of peptides in general. 

30 

Cloning of wild type and mutated p53 

Wild type p53 has been cloned by PCR into the 
Hindlll restriction sites of the yeast expression vector 
pGAD424 obtained by Clontec, using the following primers: 
35 upstream GC AC AAGC TT AC C ATGG AGG AGC C GC AGC TAG (SEQ. ID. No. 

1) ; downstream GCGTCAAGCTTTCAGTCTGAGTCAGGCC (SEQ. ID. No. 

2) . Amino acid changes were introduced in p53 , covering 
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the four most commonly found mutations in cancer cells 
(Hollstein et al . , Science 253, 49, 1991). These muta- 
tions had been introduced by PCR using degenerated prim- 
ers : 

R175H: upstream 
GGAGGTTGTGAGGCACTGCCCCCACC ( SEQ . ID . No . 3 ) ; downstream 
GGTGGGGGCAGTGCCTCACAACCTCC ( SEQ . ID. No. 4) 

R248W, R249P: upstream 
GGGCGGCATGAACTGGCCACCCATCCTCACCATCATCAC ( SEQ . ID . No . 5 ) ; 
downstream GTGATGATGGTGAGGATGGGTGGCCAGTTCATGCCGCCC ( SEQ . 
ID . No . 6 ) 

R273H: upstream 
GGAACAGCTTTGAGGTGCACGTTTGTGCCTGTCC ( SEQ . ID . No . 7 ) ; down- 
stream GGACAGGCACAAACGTGCACCTCAAAGCTGTTCC ( SEQ . ID. No. 8) 

R2 82W: upstream 
CCTGGGAGAGACTGGCGCACAGAGG ( SEQ . ID. No. 9); downstream 
CCTCTGTGCGCCAGTCTCTCCCAGG ( SEQ . ID. No. 10) 

Cloning of p53 binding sites 

The four putative p53 binding sites were 
cloned (Bian and Sun, Proc . Natl. Acad. Sci . USA 94, 
14753, 1997; El-Deiry et al . , Cell 75, 817, 1993; Kern et 
al., Science 256, 827, 1992) into the Xmal-SphI site of 
pESBA-HIS (Fig. 12) using double stranded oligonucleo- 
tides with the corresponding restriction enzyme overhangs 
resulting in pDE4xp53BS. The sequence of the oligonucleo- 
tides is as follows: upstream 

CCGGGACTTGCCTGGAAACATGTCCAGTAGACATGTTCTTAGGGCTTGCTTGCATG ( 
SEQ. ID. No. 11) ; downstream 

CAAGCAAGCCCTAAGAACATGTCTACTGGACATGTTTCCAGGCAAGTC ( SEQ . ID . 
No . 12 ) 

The reporter vector pDE4xp53BS was linearised 
at the HIS3 3 'UTR using Xhol and introduced into the 
yeast strain JPY9 (J. Pearlberg, Ph.D. thesis, Harvard 
University; A. Barberis et al . , Contact with a Component 
of the Cell. Vol. 81, 359 - 368, 1995), resulting 

in YDE4xp53 . 
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Expression and transactivation of wild type 
and mutated p53 

Yeast strain YDE4xp53 was transformed with 
the conventional lithium acetate method (Methods in Yeast 
5 Genetics, a Cold Spring Harbor Laboratory Course Manual, 
Cold Spring Harbor Laboratory Press, 1994) with wild type 
and mutated p53 expression vectors. Transactivation po- 
tential of the different p53 molecules was determined by 
measurement of the LacZ expression on X-gal plates and 

10 liquid beta-galactosidase assays as described (Escher and 
Schaffner, Gene Activation at a Distance and Telomeric 
Silencing . .., Mol. Gen. Genet. (1997) 256; 456 - 461). 
The expression level of wild type and mutated p53 was 
monitored by Western blot using PAb421 monoclonal anti- 

15 body (Hupp and Lane, Curr . Biol. 4, 865, 1994). Wild type 
and mutated p53 showed same intracellular protein level. 

Example 5: Testing the antagonistic action of peptides 
20 in yeast 

To test the antagonistic action of short pro- 
tein fragments or peptides in yeast, it was checked 
whether high production of a peptide could inhibit a de- 

25 fined molecular interaction. For this purpose, the inter- 
action between GAL4 , a yeast DNA-binding transcriptional 
activator, and GALllP, a component of the RNA polymerase 
II holoenzyme, which has been shown to activate tran- 
scription (A. Barberis et al . , Contact with a Component of 

30 the Polymerase II Holoenzyme Suffices for Gene Activa- 
tion, Cell. Vol. 81, 359 - 368, 1995; S. Farrell et al . , 
Gene activation by recruitment of the RNA polymerase II 
holoenzyme, Genes & Development 10, 2359 - 23 67, 1996) 
was exploited. This protein-protein interaction and its 

35 effect on gene expression could be specifically inhibited 
by expressing a short protein fragment from a high-copy 
plasmid (2jim) in yeast. 
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The yeast strain used in these experiments is 
a derivative of JPY9 (MAToc, ura3-52, his3A2 00 / leu2Al, 
trplA63, lys2A385, gal4All) (A. Barberis et al . , Cell, 
Vol. 81, 359 - 368) in which the reporter construct 
pESBA-17mer-URA3 was integrated at the his3 locus. Inte- 
gration through homologous recombination was piloted by 
linearisation of the reporter plasmid at the Xhol site 
prior to yeast transformation. Expression of the URA3 
gene was exploited to select for stable integrants on 
ura-media . Since basal level expression of the SP013-URA3 
fusion gene is too low to allow cell growth on ura- me- 
dia, yeast were co-transformed with a plasmid vector ex- 
pressing GAL 4 which, by binding the 17mer sequence, acti- 
vated URA3 expression. Upon selection for integration of 
the reporter construct, this plasmid was readily cured 
from yeast cells by negative selection for URA3 expres- 
sion on media containing 5-FOA (ref . Guide to Yeast Ge- 
netics and Molecular Biology) . 

Activation of the divergent LacZ and URA3 re- 
porter genes in the yeast strain described above was in- 
duced by co-expression of the DNA-binding domain of GAL 4 
(amino acid residues 1-100) and GAL11P. GAL4 (1-100) was 
expressed from the plasmid pRJR217 (Y. Wu et al . , Quanti- 
fication of Putative Activator - Target Affinities . . . , 
EMBO J. 15, 3951 - 3963, 1996), while GAL11P was ex- 
pressed from pS028 (A. Barberis et . al . , Cell Vol. 81, 
359 - 368). As expected, GAL4(1-100) did not activate 
transcription in the absence of GAL11P. To inhibit the 
GAL4 (1-100) -GAL11P interaction and, as a consequence of 
this, activation of the reporter genes, a peptide com- 
prising the GAL 4 residues 58-97, which are known to con- 
tain the GALllP-interacting sequence, was overexpressed . 
This peptide was overexpressed from the vector pESBA- 
ADH1 . Inhibition of reporter gene expression was moni- 
tored by measurement of fi-galactosidase activity in a 
standard ONPG assay, and by cell growth on media contain- 
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ing 5-FOA (Methods in Yeast Genetics, A. Cold Spring Har- 
bor Laboratory Course Manual, 1994 Edition) . 

While there are shown and described presently 
preferred embodiments of the invention, it is to be dis- 
tinctly understood that the invention is not limited 
thereto but may be otherwise variously embodied and prac- 
tised within the scope of the following claims. 
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Claims 

1. Screening system for agonists or antago- 
nists comprising a eukaryotic host cell stably trans- 
formed with a selection system enabling the survival of 
the cells in the case of desired interaction between at 
least one target protein and an effector peptide, and a 
peptide expressing system, 

whereby said selection system comprises 
- at least one monitoring gene enabling the 
detection of said host cell upon transcription of said 
monitoring gene, said at least one monitoring gene being 
directly or indirectly under the control of a specific 
activation system and, 

- at least one DNA sequence coding for at 
least one target molecule, said one or more target mole- 
cule (s) being selected from the group comprising RNA se- 
quences or proteins, said one or more target molecule (s) 
being responsible in their natural environment for the 
induction of the production and/or the activity of an un- 
desired protein or the omission of the production and/or 
the activation of a desired protein, said at least one 
DNA sequence coding for said at least one target molecule 
being under the control of an host cell specific active 
promoter, preferably a host cell specific promoter, 

whereby said specific activation system is 
selectively modulated in the presence of specific inter- 
action (s) between at least one of said target protein (s) 
and an effector peptide, 

whereby said specific activation system upon 
modulation directly or indirectly modulates the tran- 
scription of at least one monitoring gene enabling the 
survival of said host cell, and 

whereby said effector peptide expressing sys- 
tem comprises a peptide encoding nucleic acid sequence 
under the control of an active promoter, preferably a 
host cell specific active promoter. 
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2. Screening system according to claim 1, 
wherein at least one monitoring gene is a nucleic acid 
sequence encoding at least one monitoring protein ena- 
bling the detection of said host cell upon expression of 
said at least one monitoring protein, said at least one 
nucleic acid encoding said at least one monitoring pro- 
tein being under the control of said specific activation 
system, and 

whereby said specific activation system upon 
modulation modulates the expression of at least one moni- 
toring protein enabling the survival of said host cell. 

3. The screening system of claim 1 or 2 , 
wherein the eukaryotic host cell is a yeast cell. 

4 . The screening system of anyone of claims 1 
to 3, wherein said at least one DNA sequence coding for 
said at least one target molecule encodes a protein that 
is partially or completely inactive in its natural envi- 
ronment . 

5. The screening system of anyone of claims 1 
to 3, wherein said at least one DNA sequence coding for 
said at least one target molecule encodes at least two, 
and preferably two, target proteins that upon interaction 
induce an undesired response in their natural environ- 
ment . 

6. The screening system of anyone of claims 1 
to 3, wherein said at least one DNA sequence coding for 
said at least one target molecule encodes a protein in- 
ducing an undesired response in its natural environment. 

7 . The screening system of anyone of claims 1 
to 3, wherein said at least one DNA sequence coding for 
said at least one target molecule encodes at least two, 
and preferably two, target proteins, whereby at least one 
of said proteins has a defect making a desired interac- 
tion with at least one further target protein impossible. 

8. The screening system of anyone of claims 1 
to 7, wherein the selection system comprises two nucleic 
acid sequences encoding two different monitoring pro- 
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teins, preferably a selection system wherein one of the 
selector /reporter genes, upon activation or inactivation 
in a selection medium, enables cell survival, and the 
second reporter gene, upon activation, expresses a col- 
5 ouring protein, said nucleic acid sequences being under 
the control of the same specific activation system. 

9 . The screening system of anyone of claims 1 
to 8, wherein said effector peptide expressing system en- 
codes modifications of a specific peptide. 
10 10 . A process for the screening of effector 

molecules with desired biological activity, wherein a 
screening system according to anyone of claims 1 to 9 is 
brought into contact with a suitable selection medium se- 
lectively allowing the survival of cells with desired 
15 target protein-effector peptide interaction. 

11. Process for the production of a screening 
system according to anyone of claims 1 to 9 , wherein the 
host cells are transformed with 

- at least one monitoring gene enabling the 
20 detection of said host cell upon transcription of said at 
least one monitoring gene, said at least one monitoring 
gene being directly or indirectly under the control of a 
specific activation system and, 

- at least one DNA sequence coding for at 
25 least one target molecule, said one or more target mole- 
cule (s) being selected from the group comprising RNA se- 
quences or proteins, said one or more target molecule (s) 
being responsible in their natural environment for the 
induction of the production and/or activity of an unde- 
3 0 sired protein or the omission of the production and/ or 
activation of a desired protein, said at least one DNA 
sequence coding for said at least one target molecule be- 
ing under the control of an host cell specific active 
promoter, preferably a host cell specific promoter, and 
35 - a DNA library encoding peptides, wherein 

the DNA is under the control of an active promoter. 
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12. The process of claim 11, wherein more 
than one nucleic acid sequence (s) encoding a monitoring 
system are introduced into the cell on the same vector 
and under the control of the same specific activation 

5 system. 

13. A DNA library encoding peptides, wherein 
the peptide encoding sequences are under the control of a 
promoter active in a specific host cell, in particular in 
a yeast cell. 

10 14 . A method for the production of a DNA li- 

brary according to claim 13 , wherein genomic DNA or cDNA 
is fragmented by digestion, and preferably by sonication 
and digestion by restriction enzymes, to generate peptide 
encoding sequences, said peptide encoding sequences then 

15 being introduced into expression vectors able to trans- 
form specific host cells, whereby the peptide encoding 
sequences are under the control of a promoter active in a 
specific host cell, in particular in a yeast cell. 

15. A method for the production of a DNA li- 
20 brary according to claim 13, wherein random oligonucleo- 
tides are synthesised to generate peptide encoding se- 
quences, said peptide encoding sequences then being in- 
troduced into expression vectors able to transform spe- 
cific host cells, whereby the peptide encoding sequences 

25 are under the control of a promoter active in a specific 
host cell, in particular in a yeast cell. 

16. A method according to claim 15, wherein 
an expression vector comprising a 3 ' -overhang and a blunt 
end is generated, and wherein a single-stranded random 

30 oligonucleotide is synthesised, starting from a known se- 
quence at the 3 '-end, said known sequence being comple- 
mentary to the overhang thus allowing ligation of the 
single-stranded oligonucleotides with the overhang where- 
upon the complementary strand is synthesised by polymer- 

3 5 ase activity and the generated double -stranded sequence 
is ligated with the blunt end. 
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17 . A method for the cloning of random nu- 
cleotide sequences, wherein an expression vector compris- 
ing a 3 ' -overhang and a blunt end is generated, and 
wherein a single-stranded random oligonucleotide is syn- 

5 thesised, starting from a known sequence at the 3 '-end, 
said known sequence being complementary to the overhang 
thus allowing ligation of the single- stranded oligonu- 
cleotides with the overhang whereupon the complementary 
strand is synthesised by polymerase activity and the gen- 
10 erated double- stranded sequence is ligated with the blunt 
end. 

18. Host cells comprising a polymerase III 
activated selection system with at least one destroyed 
genomic sequence encoding an essential molecule, said 

15 yeast cells additionally comprising a temperature sensi- 
tive mutant of said destroyed sequence under the control 
of an active promoter, and a sequence insensitive to non- 
permissive conditions under the control of a specific 
transcriptional activator selectively activated upon in- 

20 teraction of two proteins. 

19. Plasmid comprising two selection/reporter 
genes divergently oriented and under the control of one 
activating sequence for both genes, such as e.g. pESBA- 
HIS and pESBA-URA. 

25 20. A method for optimizing peptide agonists 

or peptide antagonists, wherein the screening system of 
claim 8 is used, with the effector peptide expressing 
system encoding modifications of said peptide to be opti- 
mized. 

30 21. A method for producing a DNA library en- 

coding modifications of a specific peptide wherein the 
DNA sequence encoding said peptide is subjected to muta- 
genesis . 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

( i ) APPLICANT : 

(A) NAME: Universitaet Zuerich 

(B) STREET: Winterthurers trasse 190 

(C) CITY: Zuerich 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP) : 8057 

(ii) TITLE OF INVENTION: Screening system 
(iii) NUMBER OF SEQUENCES: 24 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GCACAAGCTT ACCATGGAGG AGCCGCAGCT AG 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 
GCGTCAAGCT TTCAGTCTGA GTCAGGCC 
(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3: 

1 
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GGAGGTTGTG AGGCACTGCC CCCACC 
(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4: 
GGTGGGGGCA GTGCCTCACA ACCTCC 
(2) INFORMATION FOR SEQ ID NO: 5: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 
GGGCGGCATG AACTGGCCAC CCATCCTCAC CATCATCAC 
(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 
GTGATGATGG TGAGGATGGG TGGCCAGTTC ATGCCGCCC 
(2) INFORMATION FOR SEQ ID NO : 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
GGAACAGCTT TGAGGTGCAC GTTTGTGCCT GTCC 
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(2) INFORMATION FOR SEQ ID NO : 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGACAGGCAC AAACGTGCAC CTCAAAGCTG TTCC 34 
(2) INFORMATION FOR SEQ ID NO : 9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9: 
CCTGGGAGAG ACTGGCGCAC AGAGG 2 5 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CCTCTGTGCG CCAGTCTCTC CCAGG 25 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : s ingle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCGGGACTTG CCTGGAAACA TGTCCAGTAG ACATGTTCTT AGGGCTTGCT TGCATG 56 
(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 

3 
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(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iij MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CAAGCAAGCC CTAAGAACAT GTCTACTGGA CATGTTTCCA GGCAAGTC 48 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
AGCTTAACAA AATGGGCCCG CAGGCCTAAC TAACTAAG 3 8 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
AATTCTTAGT TAGTTAGGCC TGCGGGCCCA TTTTGTTA 3 8 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CATGGGCCCG CAGGCCTAAC TAACTAAG 2 8 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



4 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
TCGACTTAGT TAGTTAGGCC TGCGGGCC 28 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GGCAGTCGAC AT TAT AT AAA GTAATGTG 2 8 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GGCAGTCGAC GGACACCAAA TATGGCG 27 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
TCGACTCTAG AGCGGC CGCG AGCTCCCGCG GGCATGCAGA TCTCCCGGGG 50 
(2) INFORMATION FOR SEQ ID NO : 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleic acid 



5 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
TCGACCCCGG GAGAT CTGC A TGCCCGCGGG AGCTCGCGGG CCGCTCTAGA G 51 
(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
AGTTCAGTCG ACGTATCCGT TTAGCTAGTT AG 32 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 2 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
AATACTGCAG CAGTTTTTTA GTTTTGCTGG CC 32 
(2) INFORMATION FOR SEQ ID NO : 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CGGAAG AC T C TCCTCCGT 18 
(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
C TAG AC GG AG GAGAGTCTTC CGCATG 26 
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